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A B S T R A C T 
 
This study investigated the hematological parameters of the tropical estuarine fish Centropomus 
parallelus and their use as a non-destructive biomarker for aquatic pollution. Individuals were 
collected, in summer and winter, at two estuaries, Cananéia (CAN) and São Vicente (SVE), and 
blood was extracted by caudal puncture. The evaluated parameters were hematocrit (Ht), red blood 
cells (RBC), Mean Corpuscular Volume (MCV), and the leukocyte (WBC) and thrombocyte counts. 
Fishes from CAN showed higher values of absolute number of thrombocytes in the summer. The 
fishes from SVE presented lower values of Ht and MCV in winter. Comparing the hematological 
parameters of fishes from these two sites, Ht, MCV, WBC and RBC were higher in fishes from SVE 
in the summer, whereas during the winter, Ht and thrombocytes were higher in animals from SVE. 
The results allow attributing the changes in the blood of fishes to seasonality and the presence of 
contaminants. 
 
R E S U M O 
 
No presente estudo, foram utilizados parâmetros hematológicos do peixe tropical estuarino 
Centropomus parallelus como biomarcador não destrutivo. Os peixes foram coletados, no verão e no 
inverno, em dois estuários: Cananéia (CAN) e São Vicente (SVE). Foram analisados: hematócrito 
(Ht), contagem de eritrócitos (RBC), volume corpuscular médio (VCM), leucograma (WBC) e 
trombograma. Os peixes de ambos locais apresentaram variações no quadro hematológico devido à 
sazonalidade e aos níveis de degradação ambiental. Os peixes de Cananéia apresentaram aumento no 
número absoluto de trombócitos no verão, enquanto aqueles coletados em São Vicente apresentaram 
hematócrito (Ht) e Volume Corpuscular Médio (MCV) menor no inverno. Comparando o quadro 
hematológico dos peixes dos dois estuários, observamos maiores valores de hematócrito (Ht), 
Volume Corpuscular Médio (MCV), leucócitos (WBC), e número de eritrócitos (RBC) nos peixes de 
São Vicente no verão, enquanto no inverno, Ht e trombócitos foram também maiores nos peixes 
desse local. Os resultados sugerem que as alterações observadas no quadro hematológico se deveram 
à qualidade ambiental dos estuários e à sazonalidade. 
 
Descriptors: Hematology, Centropomus parallelus, Estuary, Contamination. 
Descritores: Hematologia, Centropomus parallelus, Estuário, Contaminação. 
 
INTRODUCTION 
 
Estuaries are of great ecological and 
economic importance, providing humans with 
essential products and services. However, due to their 
geographical characteristics, estuaries have been 
severely impacted, not only by direct destruction, to 
make room for anthropic structures such as cities, 
industrial facilities, aquaculture farms, ports and 
harbors, marinas and others, but also because they are 
threatened by pollution, resulting in a variety of 
biological effects, from biochemical and genetic 
                                   
disturbance to ecological imbalance, which could 
threaten the ecological processes and consequently the 
economic exploitation of biological resources, with 
negative effects on the economy. Aquatic pollution 
may also affect human health by leading to the 
consumption of contaminated seafood (CLARK 1997; 
VAN DER OOST et al., 2003; SOUSA et al., 2007; 
ABESSA et al., 2008, PEREIRA, et al., 2012). 
Different biomarkers in fishes, especially 
biochemical and histological alterations as well as 
genotoxic effects, have been incorporated into 
environmental quality evaluations and ecological risk 
assessments (VOS et al., 1989; WEEKS et al., 1992; 
WALKER et al., 1996, VAN DER OOST et al., 2003; 
KIRSCHBAUM et al., 2009), as additional Lines Of 
Evidence (LOEs), and have therefore become an 
important part of such studies.  
Fish blood parameters can be considered 
promising new candidates for biomarkers for 
environmental monitoring, as they constitute a non-
destructive and simple method (FRANÇA et al., 2007; 
SERIANI & RANZANI-PAIVA, 2012). Blood 
samples can regularly be obtained from test 
organisms, thus allowing the use of non-destructive 
approaches to the assessment of physiological 
alterations in pollutant effects driven studies. 
Hematological responses have been considered a 
reliable health status descriptor of organisms. 
Moreover, the blood incorporates several levels of 
organization, such as physiology, histology, cytology 
and hormonal regulation; it must be related to both 
endogenous and environmental factors that induce 
stress, including contaminants (BEYER, 1996; 
SERIANI & RANZANI-PAIVA, 2012). The literature 
shows that fishes exposed to metals, pesticides and 
effluents present hematological changes, both in 
laboratory and under field conditions (RANZANI-
PAIVA et al., 1997; FRANÇA et al., 2007; SERIANI 
et al., RANZANI-PAIVA, 2012). In addition, there is 
a need to expand knowledge on the hematology of 
different species, especially those from marine and 
estuarine environments, which includes the 
comprehension of how they respond to contaminants 
and other stressors. According to Ranzani-Paiva; 
Silva-Souza (2004), it is necessary to determine the 
normal standards for the blood of healthy specimens 
of each fish species, as well as to understand how the 
blood responds to environmental contamination.  
The fat snook, Centropomus parallelus, is 
widely distributed in coastal marine and estuarine 
environments from southern Florida to southeastern 
Brazil (RIVAS, 1986) and represents an important 
food resource for the local populations as well as an 
important economic resource, especially because its 
meat is very tasty and fetches high market values. 
Moreover, as a predator which feeds on small fishes 
and benthic invertebrates, this species occupies an 
important position in the aquatic food web, and has 
potential for cultivation in captivity. On the other 
hand, it is vulnerable to the phenomena of 
contaminants bioconcentration and biomagnification 
due to its feeding habits. 
This research seeks to assess the influence of 
seasonal patterns and exposure to contaminants on the 
hematological characteristics of C. parallelus 
collected in subtropical estuaries with different 
degrees of contamination.  
Two estuaries situated in São Paulo State, 
Brazil, were considered for this investigation: 
Cananéia Estuary (CAN) and São Vicente Estuary 
(SVE) (Fig. 1). São Vicente Estuary (SVE) is a part of 
the Santos Estuarine System, which is considered 
highly impacted by anthropic interventions and 
pollution (BOLDRINI; PEREIRA, 1987; 
MEDEIROS; BÍCEGO, 2004; SIQUEIRA et al., 2005; 
BÍCEGO et al., 2006; CESAR et al., 2006; 
HORTELLANI, et al., 2008; MARTINS et al., 2008; 
KIRSCHBAUM et al., 2009, SERIANI, et al., 2010). 
The SVE receives mainly domestic pollution from 
diffuse sources, specially sewage, stormwater and 
urban drainage, but contamination from domestic and 
industrial landfills is also considerable 
(LAMPARELLI et al., 2001). Recent data on the SVE 
have shown that the discharge of contaminants from 
land-based sources has increased the concentration of 
several substances, many of which are already present 
in concentrations high enough to cause biological risks 
(LAMPARELLI et al., 2001; ABESSA et al., 2008; 
KIRSCHBAUM et al., 2009; SERIANI et al., 2010, 
PEREIRA, et al.,2012). On the other hand, the 
Cananéia Estuary (CAN) presents lower levels of 
contaminants. According to Lamparelli et al. (2006; 
2007) and Kirschbaum et al. (2009), CAN is a 
relatively unpolluted estuary which may be taken as a 
reference area. 
 
 
Fig. 1. Sao Vicente (23°S - 46°W) and Cananéia 
(25°S-48°W) estuaries (adapted from 
KIRSCHBAUM et al., 2009). 
  
Each study site (SVE and CAN) was 
sampled twice, with sampling campaigns in winter and 
summer. The field sampling consisted of the collection of 
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ten C. parallelus individuals (165.02 ± 35.01 g and 
23.02 ± 5.01 cm) at each site. At each field sampling, 
the water temperature was measured in situ using 
mercury thermometers, and three samples of water 
were taken for the determination of pH and salinity in 
the laboratory. 
The captured fishes were then transported to 
the laboratory in accordance with Kubitza (1997) and 
acclimatized during 60 minutes. After they had been 
anesthetized with clove oil (SERIANI, et al., 2011), 
the blood was drawn by caudal puncture, using 
heparin-treated syringes. Blood aliquots were 
separated for the following measurements: hematocrit 
(Ht), by the microhematocrit method, and red blood 
cells (RBC) in a Neubauer chamber, using 0.7% NaCl 
as diluent. The Mean Corpuscular Volume (MCV) 
was determined in accordance with Wintrobe (1934). 
For each collected fish, two blood smear slides were 
prepared and stained with May-Grünwald-Giemsa dye 
(ROSENFELD, 1947). Each slide was used to count total 
leukocytes (WBC) and thrombocytes (TRB) in 2000 
cells, by the indirect method, in accordance with Hrubec; 
Smith (1998).  
The Kolmogorov-Smirnov normality test 
was performed. Thrombocyte data were not distributed 
normally and were transformed using Log10. 
Afterwards, the results obtained for the two sites were 
compared with the General Linear Model (GLM) 
Multivariate for one dependent variable by two 
factors, both locations and periods being considered as 
factors; post-hoc comparisons used Tukey’s test to 
identify divergent groups. The GLM Multivariate 
procedure provides regression analysis and analysis of 
variance for multiple dependent variables by one or 
more factor variables or covariates, allowing for the 
test of null hypotheses regarding the effects of factor 
variables on the means of various groupings of a joint 
distribution of dependent variables and also for the 
investigation of interactions between factors as well as 
the effects of individual factors. The statistical 
package used was SPSS version 17, SPSS ® Inc., 
Chicago, II, and the statistical level of significance 
was set at 5%. 
The physical-chemical parameters of the 
water samples collected in both estuaries are given in 
Table 1. Water temperatures varied according to the 
seasonal conditions at both estuaries, with higher 
values in the summertime. Salinities were markedly 
lower at CAN, on both campaigns, whereas pH values 
were lower in SVE waters. 
The results obtained at SVE and CAN in the 
winter and summer campaigns are displayed in Table 
2. Fishes from SVE presented significantly higher 
values of Ht, MCV and TRB in summer than in 
winter, whereas those from CAN presented 
significantly higher values of thrombocytes during the 
summer. The data obtained for each estuary were also 
compared. In winter, Ht and TRB values were 
significantly higher in fishes from SVE while in 
summer Ht, RBC, MCV and WBC were higher in 
SVE animals. 
 
Table 1. Physical-chemical parameters of waters from 
Cananéia and São Vicente Estuaries during Winter and 
Summer.  
 
Estuary Physical-
chemical 
parameters 
Winter Summer 
 pH 7.3 ± 0.3 8.0 ± 0.6 
Cananéia TºC 22.0 ± 1.0 32.0 ± 3.0 
 Salinity 3.1 + 0.2 6.1 ± 0.6 
    
 pH 7.0 + 0.1 6.9 ± 0.4 
São 
Vicente  
TºC 20.5 + 0.5 29.8 + 0.2 
 Salinity 27.1 + 1.1 27.1 + 0.5 
 
 
Table 2. Hematological parameters of C. parallelus from SV and CAN Estuary in winter and summer seasons. 
 
Parameters Winter Summer 
São Vicente (n=11) Cananéia (n=10) São Vicente (n=9) Cananéia (n=10) 
Mean  SD Mean  SD Mean  SD Mean  SD 
Hematocrit (%) 36.00 ± 5.10 29.55 ± 3.4b 45.67 ± 4.80a 32.10 ± 7.85a,b 
RBC (104/µL) 272.36 ± 34.38 231.00 ± 114.03c 284.89 ± 31.48 240.00 ± 38.65c 
MCV (fl) 134.22 ± 26.28 127.71 ± 39.26 161.31 ± 18.00 132.63 ± 20.12 
WBC (µL) 4.63 ± 3.11 2.68 ± 1.57d 8.11 ± 6.19 3.29 ± 2.19d 
Thrombocytes - Log10 (%) 4.70 ± 0.27 4.13 ± 0.40 4.84 ± 0.51a 4.95 ± 0.58a 
asummer ≠ winter (p <0.01); bCAN ≠ SV (p <0.001); cCAN ≠ SV (p <0.05);dCAN ≠ SV (p <0.01); 
Note: summer = winter in a. 
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In winter, Ht and MCV values were lower in 
both CAN and SVE. It is recognized that the 
temperature can influence the metabolic activity of 
fish (SCHMIDT-NIELSEN, 2002). At lower 
temperatures, the fishes tend to reduce their 
metabolism (CLARKE; JOHNSTON, 1999) and 
consequently their oxygen consumption; under these 
conditions, the RBC production should be reduced, 
being reflected in the lower values of Ht and MCV 
during this season. In summer, the significant increase 
of MCV in fishes from SVE must reflect the release of 
immature cells into the blood stream, because at this 
stage the cells are bigger but contain less hemoglobin.  
Further, the number of thrombocytes in 
individuals from CAN presented a seasonal variation, 
with higher values in summer, in a similar way to that 
observed for Cirrhinus mrigala (RAIZADA; SING, 
1981). Although such variation may be due to 
seasonality, as this cell type is subject to seasonal 
natural influences, further studies should be conducted 
to better understand these variations in C. parallelus.  
Our results showed higher Ht values in C. 
parallelus from SVE both in winter and summer. 
Many authors have reported the increase of Ht levels 
in different fish species exposed to contaminants. This 
response was observed in Pimelodus maculatus and 
Tilapia zilli exposed to sewage (JERONIMO et al., 
2009; SAAD et al., 1973), in Pagothenia 
borchgrevinski exposed to hydrocarbons (DAVISON 
et al., 1992), in O. mossambicus exposed to copper 
(NUSSEY et al., 1995), in Rhamdia hilarii exposed to 
herbicide and in Hoplias malabaricus exposed to 
methyl mercury (OLIVEIRA RIBEIRO et al., 2006). 
As the increases in Ht levels occur together with 
higher RBC values, such variations may have a variety 
of causes which were not evaluated in this study but 
which require further investigation: i) the increases in 
Ht levels could be a response to summer hypoxia (due 
to enhanced microbial activity at higher temperatures) 
or to lower levels of dissolved oxygen in more saline 
waters; ii) they could be attributed to an attempt to 
optimize the process of detoxification of contaminants 
inducing the production of erythrocytes and 
consequently of hematocrit; iii) they could be a result 
of the stimulation by cell hemolysis caused by 
pollutants; among other causes. More studies are 
required to elucidate the mechanisms involved in red 
blood cell production in fishes.  
The total number of leukocytes (WBC) was 
higher in individuals from SVE, especially during the 
summer, suggesting the existence of leukocytosis in 
the animals from SVE or leucopenia in those from 
CAN. If leukocytosis in SVE fishes is assumed, such a 
result would contrast with those obtained by Vos et al. 
(1989) and Weeks et al. (1992), who described a 
suppression of the immune system in fish exposed to 
pollutants. Our study would suggest that the 
leukocytosis was directly related to environmental 
stress. This correlation has been reported for the 
freshwater fish Sarotherodon mossambicus exposed to 
sublethal concentrations of copper and endosulfan 
(SARAVANAN; HARIKRISHNAN, 1999), for 
Heteropneustes fossilis exposed to nickel (NANDA, 
1997), for Channa punctata exposed to lead 
(HYMAVATHI; RAO, 2000), for Clarias batrachus 
exposed to mercuric chloride (JOSHI et al., 2002) and 
for Labeo rohita collected in the polluted Lakes of 
Bangalore, Karnataka, India (ZUTSHI et al., 2010). In 
this context, the increase in leukocytes in the blood of 
C. paralellus would be a result of direct stimulation 
for its defense against disease, in the presence of 
pollutants would be an immune reaction in the 
presence of pollutants. 
The mechanisms involved in the production 
of leukocytes are closely related to the cortisol 
metabolism. Under environmental stress, there is a 
release of cortisol into the blood, and as a consequence 
the production and release of leukocytes are inhibited, 
resulting in a weakened immune system in fishes 
(WENDELAAR-BONGA, 1997; CHEN et al., 2002). 
So a lower number of WBC is to be expected in fishes 
from SVE. However, it is possible that other complex 
processes may be involved, thus allowing the increase 
of leukocytes in the fishes from SVE. On the other 
hand, if the possibility of leucopenia in CAN animals 
is considered, our results are in agreement with those 
reported by Vos et al., (1989) and Weeks et al., 
(1992). The presence of lead and pesticides in 
sediments from CAN, during summertime 
(MAHIQUES et al., 2009), brought by the Ribeira de 
Iguape River, would then be related to these 
responses. 
The causal relationships between 
immunotoxic pollutants and fish diseases as well as 
the ecological significance of such effects in the field 
still remain unclear. It is possible that the 
immunological disruption caused by pollutants serves 
as a causal factor in the origin of fish diseases with 
multifactorial etiology, e.g. various skin diseases such 
as lymphocystis, papillomas, fin erosion, fin rot and 
skin ulcers. In certain situations, however, the opposite 
effect, i.e. protection of the fish against pathogens, 
may be observed after exposure to pollutants 
(MACFARLANE et al., 1986). However, in cases of 
sub-acute or chronic exposure, hematological 
parameters should decrease due to the depletion of the 
hematopoietic function. Kirschbaum et al. (2009) 
reported the presence of tumor and citogenotoxicy 
effects in C. parallelus from SVE and suggested that 
they could be due to environmental contamination 
with substances such as PAHs and PCBs, of 
carcinogenic, mutagenic and teratogenic potential.  
It was observed, in view of the 
environmental degradation at SVE due to high levels 
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of metals, detergents, hydrocarbons, PCBs and other 
pollutants (LAMPARELLI et al., 2001; 
HORTELLANI et al., 2008; CESAR et al., 2006; 
ABESSA et al., 2008, PEREIRA, et al., 2012), that 
fishes there presented higher values for most of the 
hematological parameters analyzed, especially in the 
summer, than did those from CAN. Thus these 
hematological alterations were probably related to the 
effects of pollutants present in the SVE, or to their 
combination with natural factors. Therefore, this study 
shows that the blood parameters of C. parallelus 
respond to seasonal variations, as observed in 
individuals from both SVE and CAN. In addition, 
hematological responses were significantly influenced 
by the respective collection sites, which corroborates 
the conclusion that pollution contributed to the effects 
observed in fat-snook. 
Such assumptions are corroborated by the 
obtained data, since the difference of temperature 
between seasons was about 10ºC, with the 
considerable possibility of temperature variations' 
influencing hematological parameters, quite apart 
from the effects of environmental degradation. The 
influence of pH and salinity in the blood parameters 
found in this study is inconclusive, and probably such 
variables were not the main factors influencing the 
blood parameters, especially because the physical-
chemical water conditions tend continuously to change 
in both estuaries (due to tidal influence and freshwater 
inputs thus in view of the estuarine hydrodynamics, it 
may be assumed that on the long term such variables 
have a similar influence on fishes at both sites 
(ABESSA et al., 2008; Harari et al., 2008; Seriani et 
al., 2006; 2008)  
In brief, fish blood parameters can be 
considered good new candidate biomarkers for 
environmental monitoring in tropical estuaries, with 
the advantage of their depending on a non-lethal, 
inexpensive and simple method. Furthermore, this 
study shows that ecotoxicological studies employing 
the hematology of C. parallelus and other estuarine 
and marine fishes must take the influence of 
seasonality and natural factors into consideration. 
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